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Abstract
The forecasting of expressway traffic demand for existing facilities is not particularly 
challenging for regions and countries with stable or moderately growing economies. In most cases the 
objective is to carefully establish a reliable estimate for the average annual growth for the next N years
using demographic and macroeconomic inputs.  Recent applications for freeways and rural highways 
in Hawaii indicate that the traditional methods using time series or tracking important trends, such as 
tourism in Hawaii, work well for horizons between 5 and 20 years. 
Models relying on growth do not adapt well to substantial decreases in traffic demand.  A 
dramatic case is Greece, where a multitude of changes such as increased fuel taxes, reduced GDP,
increased unemployment, increased car registration (or car ownership) taxes, and a collapsed new car 
market caused substantial reductions of traffic on all toll roads in the country, including the Attica 
Tollway in the capital city of Athens.
Given several series of high quality monthly data from January 2005 to December 2012, a 
number of estimates and forecasts for Attica Tollway toll transactions were estimated.  Toll 
transactions are a measure similar to average daily traffic. ADT represents a traffic load at a specific 
location whereas toll transactions are the total daily vehicle entries to the facility. Then the 2013 to 
mid-2015 actual data were used to evaluate the models.
Autoregressive models were employed to arrive at toll transaction forecasts between 2013 
and 2024. The models used International Monetary Fund (IMF) and Economist Intelligence Unit 
(EIU) forecasts of the GDP for Greece, as well as scenarios for future fuel prices.  The impacts of the 
much increased fuel prices and of the economic and business downturns to traffic are obvious and the 
models capture them successfully. However, errors in the GDP forecasts cause errors in the predicted 
traffic. The stock market index appears to be a useful leading indicator with a two year lag.
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1 Background
Greece joined the European Union in 1981, adopted the Euro in 2001 and over the next seven 
years the country's GDP per capita increased from $12,400 in 2001 to $31,700 in 2008. The financial 
crisis of the developed world in 2008 combined with Greece’s mounting public debt had a dramatic 
effect for the country beginning in the fall of 2009.  On February 25, 2010, Greece enacted a 
substantial fuel tax increase. The gasoline tax increased by about 85%. The U.S. gallon is used so that 
the resultant taxes can be compared by inserting Greece’s fuel taxation in Figure 1 of a report on fuel 
taxation (Litman, 2010).
Figure 1: Gasoline excise taxes in different countries.
Figure 1 indicates that until February 25, 2010 Greece had an average rate of fuel taxation, 
but after this date, Greece had one of the highest fuel taxes, as follows. Using mid-2010 values, 
x “before” price of gasoline in Greece = 0.296×1.35×3.79×1.19 = $1.802 per U.S. gallon
x “after” price of gasoline in Greece = 0.530×1.35×3.79×1.23= $3.335 per U.S. gallon.
x Equation=[price per liter] × [Euro/US $ exchange] × [liters per US gallon] × [applicable 
VAT rate]
A lesson from (Litman, 2010) is that every national economy is dependent on affordable 
mobility on a well-developed roadway network. Greece has been developing fast, high capacity urban 
and intercity motorway networks, but high transportation fuel costs should be expected to impede
mobility and economic growth.
While Attica Tollway was exhibiting a robust annual growth of traffic, the sudden increase in 
fuel price significantly reduced toll transactions, as shown in Figure 2. Throughout this paper we use 
monthly toll transactions at all toll plazas to represent traffic demand. This ensures that all vehicles 
that entered the Attica Tollway are accounted consistently every month.
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Figure 2: Fuel price and toll transactions on Attica Tollway.
2 Analysis of Travel Demand Elasticity to Gasoline Price
The sharp drop in travel demand due to the sharp increase in fuel price is analyzed in this 
section.  An elasticity gives the impact of a change in an independent (or stimulus) variable on a 
dependent (or response) variable, both measured in percentage changes (Litman, 2010). Elasticities are 
defined by assuming that all other variables do not change. Elasticity can be positive or negative
(TRACE, 1999). The convention in economics is that the name of the independent variable comes first 
(before the word ‘elasticity’) and the dependent variable follows after the words ‘elasticity of’, i.e., 
fuel price elasticity of car trips (Goodwin, et al., 2004).
TRACE (TRACE, 1999) is a comprehensive research program that was carried out by a 
consortium of European consultants and Universities (ARPA of Italy, Hague Consulting Group of the 
Netherlands, Heusch/ Boesefeldt of Germany, Stratec of Belgium and the University of Cergy-
Pontoise of France).  Many investigations of transport demand response to fuel pricing cite the 2004 
Goodwin et al. study (TRACE, 1999) which is a comprehensive summary of research on travel 
demand elasticity to fuel prices and other factors.
Elasticity depends substantially on what one decides to compare. In the case of Attica 
Tollway toll transactions the desired estimate is the long term elasticity. To arrive at the long term 
elasticity, three periods were defined: Before, Transition and After. They need to be broad to be 
consistent with long term elasticity, therefore, the Before Period is the last 6 months of 2009, the 
Transition Period is the first 6 months of 2010, and the After Period is the last 6 months of 2010. 
These periods are shown in Figure 3. It should be noted that other characteristics of the economy such 
as employment levels and income taxation changed significantly after 2010 and impede the 
assessment of the impact of fuel price to the traffic demand beyond that point.
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Figure 3: Time sections for elasticity analysis.
Specifically:
x Fuel price changed from 1.074 euro per liter in Before to 1.514 in After period.  This is an 
increase of 40.9%.
x Toll transactions changed from 55.8 million in Before to 49.7 million in After period. This is 
a decrease of 10.9%.
x The resultant elasticity is -0.266.
x This is consistent with the TRACE report that pegs trip and kilometrage elasticities to fuel 
price at -0.26 and -0.36.
3 Simple Forecasts
Let’s ignore for a moment the plethora of changes in the Greek economy after 2008 (these 
changes are addressed in the next section) and focus only on the traffic demand trend represented by 
the toll transactions which give a full accounting of all vehicle entries onto Attica Tollway. Without 
the economic crisis, Attica Tollway traffic was expected to grow. The period from mid-2004 to the 
end of 2007 is characterized by very rapid growth on Attica Tollway. (Recall that Athens hosted the 
2004 Olympic Games and the beginning of this year was also the deadline for the completion of Attica 
Tollway.) After 2007, growth slowed as capacity limitations took hold resulting in periods with 
congested flow at peak times.  The 2007 to 2009 period displayed normal growth. These 2007-2009 
growth rates are suitable for the short term projections shown in Figure 4. (In all figures of toll 
transactions herein, a sharp drop in traffic is observed in the month of August when Athenians leave 
town for their vacations.)
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Figure 4: Actual toll transactions and 2015 forecast with 2007-2009 growth rate.
The use of the 2007-2009 growth rate (2.072% average annually starting in 2010) are 
essential for estimating the short term losses of Attica Tollway in terms of lower toll transactions due 
to the large fuel price increases. The result of the large fuel price increase together with the 
deteriorated Greek economy is that in the six years from 2010 to the end of 2015 the Attica Tollway 
will lose approximately 213 million toll transactions. These losses are well in excess of one half 
billion euro, based on the current toll pricing structure of the Attica Tollway.
4 Changes on the Attica Tollway and in the Economy of 
Greece
While there are many factors that may affect day to day traffic, long term traffic volume 
trends are mostly affected by population, economic, and land use changes, and regulatory influences. 
The population of Athens has remained relatively stable since 2004. The large increases in fuel 
taxation and vehicle registration fees in Greece are major regulatory changes. There were no major 
disruptions to the land use patterns in this period around Attica Tollway. On the other hand, there were 
major changes in the economy of Greece.
GDP and Attica Tollway trends have a close relationship. The reader should note that GDP 
reports from Greek Government are reported quarterly. These were converted to monthly equivalents 
for the three months in each quarter using the “shape” of Attica Tollway toll transactions, as shown in 
Figure 5, where “traffic” denotes the average number of monthly toll transactions. The Athens Stock 
Exchange (ASE) index reflects Greece’s fast economic growth continuing past the 2004 Olympic 
Games followed by a sharp decline starting in December 2007 largely in response to similar trends in 
large stock market exchanges (Figure 6).  The ASE index appears to show a small recovery in the 
second half of 2012. It is also apparent that when the ASE index declines by a large amount, light duty 
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vehicle sales follow closely and Attica Tollway traffic and GDP follow with approximately a two year 
lag. This makes the ASE index a possible Leading Indicator.
Figure 5: Quarterly GDP values adjusted to monthly values that match the proportion of toll 
transactions in each quarter.
Figure 6: Athens Stock Exchange Index (ASE) and toll transactions.
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An interesting observation is that graphically the ASE index appears to be a 22 to 25 month 
leading indicator for Attica Tollway traffic as depicted in Figure 7. This match was confirmed with 
regression models.
Figure 7: The Athens stock market index moved forward for 22 months.
Light duty vehicle sales dropped precipitously in Greece and thousands of owners returned 
their license plates and placed their vehicles in dormancy between 2010 and 2012. Starting from the 
bottom trend line, Light duty vehicle sales were stable between 2005 and 2008 and then decreased 
dramatically and monotonically. By the end of 2012 car sales were at the 20% level of 2005, as shown 
in Figure 8.
Figure 8: Annual light duty vehicle sales, 2001-2014.
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Figure 9 presents a comprehensive summary of all these trends put on the same scale by 
setting the value of each series on January 2005 equal to 100 and tracing their change for each month 
thereafter.
Figure 9: Trend of all data considered for forecasting traffic demand: 2005 to 2012.
Two more variables were considered but not included in the explanatory forecasting models: 
Unemployment rate and consumer price index or CPI; both are shown in Figure 10. The CPI had no 
correlation with the toll transactions. The unemployment rate had a strong negative correlation with 
traffic demand, particularly with a 12 month offset, but it was collinear with both GDP and ASE.
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Figure 10: Annual toll transaction in millions, CPI on a normalized scale, and unemployment rate.
5 Explanatory Forecasting Models
Guided by past research on medium and long term forecasts (Prevedouros, 1997)
(Prevedouros, et al., 1998) (Paravantis, et al., 2001) a number of alternative model specifications were 
tested prior to arriving to a set of best fitting and statistically significant models. Time series data 
inherently involve autocorrelation which violates regression model assumptions of validity and tend to
produce models that have deceptively high goodness-of-fit indicators. To mitigate this bias, time series 
regression that separates autocorrelation was employed; specifically procedure AREG in SPSS.
A number of variables in monthly format were attempted in various specifications, as 
follows.
TRAFFIC = Attica Tollway monthly toll transactions
FUEL = Average monthly regular fuel price* at the pump in euro per liter
FUEL_HI = 1 if cost per liter is 1.5 euro or higher
0 otherwise
GDP = Monthly GDP in million euro, constant 2005
LDV SALES = Monthly light duty vehicle sales
LDV-i = 2 for high sales: 200,000 or above
1 for moderate sales
0 for low sales: under 100,000
ASExx = Athens Stock Exchange monthly index close with xx month lag.
AREG does not produce an R2 goodness-of-fit index, so regular regression analysis with 
TRAFFIC as the dependent variable and GDP and ASExx was conducted to identify the appropriate 
lag for ASE. The results were as follows with the number on the top being the ASE lag in months.
Table 1: Assessment of Leading Indicator Goodness of Fit
ASE lag 16 20 22 23 24 25 26 27
R2 .79 .83 .84 .85 .85 .85 .86 .82
At the same time, the t-statistic of the reliability of the coefficient estimates for GDP and 
ASExx were monitored and months 24 and 25 had strong t-statistic for both GDP and ASExx, whereas 
for lag 26 the GDP statistic was weakened. Given that ASE is a secondary index in this analysis and a 
24 month (2 year) lag works well, it was selected for inclusion in some model specifications as 
ASE24.
After two dozen AREG model specifications with combinations of the aforementioned 
variables two best models emerged, one with GDP and FUEL for long term forecasts, and another 
with GDP and ASE24 for month-to-month short term updates. Both models are statistically significant 
* Throughout this report fuel price is market price for the indicated month and year (not constant price.)
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and their standard error of estimate (SEE) is modest. The two final models are shown in Table 2
below. 
Table 2: Time-series Regression Models for Attica Tollway
AR1 is the time series autoregressive component and for month t, model 1 can be written out as 
follows:
TRAFFICt= 1993424 + 0.8633×[TRAFFICt-1-TRAFFICT-2]+434×GDPt-764169×FUEL PRICEt
Models 1 and 2 in Table 2 were used along with the IMF and EIU forecasts for Greece’s 
GDP to estimate monthly toll transaction forecasts to 2024. This was the terminus year of IMF and 
EIU GDP forecasts. In order to produce toll transaction forecasts, the future values for FUEL and ASE 
are also needed. 
Two scenarios were modeled for FUEL: (1) increasing price to a level of 1.95 euro per liter in 
2024, and (2) same as scenario 1 but with a fuel tax drop by 0.50 euro which was arbitrarily set to 
occur on 1/1/2016. As a result, the fuel price would become 1.45 euro per liter in 2024. This rescission 
of the 2010 fuel tax presents the possible but unlikely governmental decision to stimulate growth by 
providing a lower cost for vehicular mobility. 
Two scenarios were also assumed for the growth of the ASE index. One has the index 
regaining the level of its December 2010 low of 1600 by 2024. This reflects a 61% rise from its 
current level of about 1000. Also an aggressive recovery scenario was estimated with ASE index 
growing to 3400 by 2024.
All the assumed variable values are depicted in Figure 11 which includes the IMF and EIU 
GDP estimates for Greece, which differ slightly between them with EIU being more conservative 
(lower), the ASE24 stock market index, and the “Fuel Up” and “Fuel Cut” gasoline price scenarios.
In reality the IFM and EIU forecasts were optimistic and Greece’s GDP continued its 
downward trend for two more years, as shown in Figure 12 which resulted in higher than actual traffic 
forecasts shown in Figure 13.
The forecast error based on the IMF and Fuel Up model is -1.3% average annual error (2005 
to 2012) and +7.9% (2013 to 2015). The forecast error based on the IMF and ASE(24) model is -0.3%
average annual error (2005 to 2012) and +4.5% (2013 to 2015).
Model 1 is appropriate for long term forecasts. Model 2 is useful for shorter term forecasts 
given that ASE serves as a 24 month leading indicator so 2013 values of ASE represent 2015 
conditions for toll transactions. 
b t-stat b t-stat
Constant 1,993,424  2.9 191,981     1.0
AR1 0.8633 15.6 0.6889 9.1
GDP 434 27.9 431 25.5
FUEL  -764,169 -1.6
ASE24 342 3.1
SEE 4.16% 4.15%
Model 1 Model 2
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Figure 11: Normalized trend plot of values used in forecast starting January 2013
Figure 12: Actual GDP and IMF and Economist Research Unit forecast.
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Figure 13: Actual toll transaction and forecasting model estimates built with 2005-2012 data.
6 Summary
Given several series of monthly data from January 2005 to December 2012, a number of 
estimates and forecasts for Attica Tollway toll transactions were estimated.  The impacts of the much 
increased fuel prices and of the economic and business downturns to traffic are obvious and Greece’s
road to recovery is predicted to be long. Surprises may occur in a variety of ways such as large swings 
in fuel prices, changes in fuel taxation policy, and dramatic changes in the GDP and Stock Market 
Index if the economy lunges forward or backward. Some of the changes will be caused by local policy 
and measures, and others by EU and international trends. Therefore, these forecasts should be updated 
annually, and soon after a critical change to a major underlying trend has occurred. An example of the 
latter is the election of the SYRIZA government in Greece in January 2015, which has an immediate 
negative effect on the stock market valuations.
This analysis used both mathematical extrapolation models and statistical explanatory 
models. The former predict changes based on past trends. The latter connect GDP, fuel price and other 
variables to the toll transactions of Attica Tollway. Also the elasticity of trips on Attica Tollway to 
fuel price was estimated.
The main findings may be summarized as follows:
x The fuel price elasticity of the demand for vehicle trips (toll transactions on Attica Tollway) 
is equal to -0.266. This means that the impact of a 1% increase in the fuel price is a 0.3% 
decrease in vehicle trips on Attica Tollway.
x Short term extrapolation models suggest that in the six years from 2010 to 2015 the Attica 
Tollway will lose between 182 and 213 million toll transactions. These losses are well in 
excess of one half billion euro, based on the current toll pricing structure.
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x Explanatory time series models suggest that it will take more than a decade for Attica 
Tollway to reach its 2005 volume of toll transactions. Approximately twenty years after its 
completion, this large urban expressway will be carrying the same volume as in its first year 
of operation as a fully completed facility.
Most new freeways and tollways exhibit a continuous trend of increasing traffic until major 
capacity constraints are reached. For most facilities it takes a few decades to reach saturation. On the 
other hand, some tollways fail to generate the forecast demand or exhibit a decline when tolls are 
raised. Attica Tollway went from a condition of robust growth to a condition of steady decline 
although tolls were not increased and no other roadway changes were in effect. Its traffic trend is a
useful example of the strong connection between traffic demand and economy as well as between 
traffic demand and governmental regulation (the price of fuel and the light duty vehicle registration 
fees in this case.) 
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